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Description 

Lymphokines such as Interferons (hereinafter so man mas abbreviated as IFNa) and interieukin-2 
(hereinafter somarimes abbreviated as lt-21 have been considered to be of clinical value for the treatment 

s of vlrol infections and malignancies and recant technological advances In genetic engineering have made it 
in principle possible to produce suen rymphokinas on large scales. However, li Is known mat the clearance 
of lymphokines administered to the living body ia in general very anon. In the case of lymphokines derived 
from heterologous animal*, it is anticipated that antibodies may be produced In soma Instances and causa 
severe reaction audi as anaphylaxis. Therefore, technology development fa desired which leads to delayed 

tv clearance of lymphokines used as drugs, with their activity retained, and further to decrooao in thalr 
antigenicity. To achieve this object* chemical modification of lymphokinee is a very effective means. Such 
chemical modification is expected to result in delayed clearance In the living bodv, decreased antigenicity 
and, further, increased physiological activity. From the practical viewpoint* the significance of chsmicat 
modification of lymphokines is thus very great. 

fa Generally, in chemically modified physiologically active proteins, a method ia required by which said 
proteins can be chemically modified while retaining their physlologloel activity. Polyethylene glycol methyl 
ether is considered to have no antigenicity and therefore Is used In chemical modification of proteins. The 
Introduction of said substance into proteins is generally performed by way of the intermediary of cyenuric 
chloride. However, cyenuric chloride Is toxic per se and the possible toxicity of its degradation products in 

20 vivo remains open to question. Therefore, cvanuric chloride should be used with caution. Furthermore, tns 
reaction involved requires a pH on the alkaline aide end therefore the above-mentioned method of 
modification has a drawback In that It eannot be applied to proteins liable to lnaetlvstion under alkaline 
conditions. 

U.S. Patent No. 4,002, S3 1 discloses a method of producing monoaikylpolvethylane glycol derivatives 
*e of enzymes. However, the method disclosed therein, which uses sodium borahydrlda at pH B.5, when 
applied to lymphokines, may possibly destroy the phyalologica) activity of tymphoklnea and therefore 
cannot serve es en effective method of production. Furthermore,, said patent specification doee not any 
suggestion as to the effect of del eying the in vivo clearance of the enzyme derivatives. Such effect ia 
therefore unknown. 

90 There la also known a method of Introducing a low molecular aldehyde such as formaldehyde, 
aceteldehyde, benzaiaahyde or pyrtdoxai into physiologically active proteins in the presence of a 
boron-containing reducing agent (Methods In Cnzymology, 47. 469 — 478 (1977); Japanese Patent 
Unexamined Publication No. 154,5967831. However, application of said method to h/mpnoldnaa falls to 
achieve effective delay In clearance. A substantial decrease In antigenicity cannot be expected but rather It 

m la possible that the low molecular aldehyde introduced may serve es a hapten to thereby provide aald 
lymphokines wltn Immunogantclfy. 

The present Inventors studied Intonelvory to overcome the sbove diffleaihiea and have now completed 
the present Invention. 

This Invention provides chemically modified lymphoid nas having polyethylene glycol of the formula 

wherein R is s protective group for the terminal oxygen atom and n Is an optional podtfve Integer, bonded 
directly to at least one primary amino group of the lymohoklno moiety and a method of producing the 

49 samo. 

In the present specification, the term "lymphoid no" includes soluble factors released from 
lymphocytes and involved in cellular Immunity and substances equivalent thereto (n physiological activity. 

Thus, the lymphokines may be genetically engineered products, products derived from various 
animals including humane and further include substances similar In structure and in physiological activity 

50 to these. 

For instance, there may be mentioned various interferons [bitarferon~a (iFN-a), Interferon-p* 1IFN-0), 
intsrferon-v (U=N*v)X IL-2. macrophage dHTereritiating factor (MDF). macrophage activating factor (MAF), 
daaue plasminogen activator, and substances similar in structure end in physiological activity to these. 
Examples or said substancas similar In structure and In physiological activity are substances having 

sb the structure of IPN-v except for die lack of Z to 4 amino aclda at the N-terminal thereof (PCT/JP84AX292, 
filed June 6, 1084), verloue IFN-v fragments lacking in die C terminal portion of iFN-y (e.g. IKK spaeiae; EPC 
Patent Application No. 84 m 133.9). substances having tna structure of IL-2 except for the lack of me 
N-termlnal amino add thereof (EPC (laid open) 91633) or the lack of 4 emlno adds from the N-tenminel 
{Japanese Patent Application 58-236638, filed Oecember 13, 1983) and substances having the structure of 

a> IL-2 except for tna lack of one or mors constituent amino acids witii or wffltout ona or more suosmuTa 
amino acids In place of said missing one or ones, for example the IL-2 analog containing serins In lieu of the 
126th amino acid cysteine {EPC (laid open) 104798). 

Preferred among such lymphoid nes are iFN-a. iFN-y [consisting of 146 amino adds (EPC (laid open) 
0089676)1, IFN-Y locking In two N-terminal amino acida (IFN-y 62), IFN-y lacking In three N-terminel amino 

a adds (IFN-y d3). and IL-2. 
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The fymphpLines to be used In the practice of the invention preferably have a molecular weight of 
6.000 to 50.000, more preferably 10.000 to 30,000. 

The prfmary amino group of lymphokinoo Includes the N-termlnal a- amino group and the e-amino 
group of the lysine residue. 
& Referring to the group represented by the above formula III. in a terminal oxygen-protecting group R fa, 
for example, an alkyl or elkenoyl group. The alley' group ia preferably an allryl of 1 to 18 carbon atoms, more 
preferably a lower (&,-«) alkyl* such bs methyl, ethyl, propyl, {-propyl, butyl, L-buryl, cee-buty! or t- butyl. The 
alksnoyi group Is preferably an alkanoyl of 1 to 8 carbon atoms, mare preferably a tower {C^l alkanoyl, 
such aa formyi, acetyl, propionyl, butyryl, l-butyryl or caproyl. The positive Integer n Is preferably not more 

to then 600, more preferably 7 to 13a 

The group of formula (II preferably has a molecular weight of not mora than 2 5,00 Q, more preferably 
360 to 6,000. From tho viewpoints of physiological activity retention and daarance delaying effect, the 
group of formula (I) preferably has a molecular weight eorresponaing to 1 to 10*. mare preferably 2 to 6% 
of the molecular weight of the lymphoklne to be modified. 
ta The chemically modified lymphokines according to tho invention have the group of formula ID directly 
banded to at least one of the primary group of the eorreaponaing lympnoklnee. 

When the N-Terminel a-emlno group la tho only primary amino group In tho lymphokine to bo 
modrfiad. tho modified lymphoklne hae the group of formula U) directly bondad to said amino group. When 
the lymphoklne to be modified has one or more lysine residues in Its molecule, the modified lymohokine 
zo hae the group of formula (1) directly bonded to eome percentage, preferably 1 S to 60% Ion tho average), of 
said e-amino groups. In thfe csae, the N* terminal a-emlno group may have or may net have the group of 
formula 0) directly canoed thereto. 

The chemically modrfiad lymphokfnee according to tho invention can be produced, for example, by 
reacting a lymphotdn* with the aldehyde of the formula 

26 KHO-CHtCHg-ter^-CHtCHO (H) 

wherein ft ond n era ee defined obovo, In the presence of a reducing agent. 

Aa the boron-containing reducing agent to be used «■ conducting the reaction, them may be 

30 mentioned sodium borofiyariae end sodium cyanoborohydrfdo. Among them, mare preferred le sodium 
cyenoborohydrlde fromThe viewpoint of selectivity of reaction or possibility of carrying out The reaction tn 
the neighborhood of neutrality. 

In carrying out the reaction, the aldehyde (II) le uood In an amount of about 1 to 10,000 molea par mala 
of the tymphoktne, and th* boron-containing reducing agent le used in an amount of about 1 to 100 molea 

aa par mofe of the lymphoklne. The degree of modification can be salactad as desired by varying the mole 
ratio between rympholdno and aldehyde (II}. The solvent to be used in carrying out the invention may ba 
any solvent which does not disturb the reaction and fa. for example, a buffer sucn as a ohosonate or borate 
buffer. An organic solvent which doe* not inactivate lymphoid rreo or disturb the reaction, such aa a lowor 
olkanol {e.g. methanol, ethenol, I-propanol) or acatonftrile, may be added. The reaction mey be conducted 

49 within a broad pH range of 3 to 14 out fs preferably performed In the vicinity of neutrality (pH as— 7.5). The 
reaction temperature mey be selected within e broad range of 0" to SOX, preferably 0* to 50*C, so es not to 
cause denaturation of lymphoid nea. A period of 0.5 to 100 hours, generally 10 to 80 hour*, will be sufficient 
for the reaction. The Oaslreo, cnamicaliy modified lymph okl nee can be a bxeinod by purifying the reaction 
mixture by dialysis* salting one ion exchange chromatography, gal filtration, high performance liquid 

4t chromatography, electtophoreals. or the like ordinary method of purifying proteins. The degree of 
modification of the amino group or groups can be calculated by odd degradation foil owed by amino acid 
anatyal*. for inatenoe. 

The above-mentioned aldehyde (II) can be produced from en ethylene glycol derivative of the formula 

so R(Q CRaCUH^OH (Ull 

wherein R and n era es defined above, for Instance. The following Is « method of producing the same which 
Is advantageous In that the production of tne correeponoing byproduct cerooxyilc «ia is imie. 

Thus, the compound (IH) Is oxidized whh pyrldlnfum cMorochromota in e halooikone solvent such aa 

at methylene chloride or chloroform. In this ceee,.pvnd1nium chleroehromate is used In an amount of 1 to 3 
moles per mole of compound (III) and tne reaction ie canted out at -10* to sore, oreiaraoiy at room 
temperature, for 1 to 30 hours. 

Treatment of compound (III) tn-1) with potassium butwrfde In t-butanol followed by reaction with a 
eromoacstal and treatment with en acid such ea an organic add 4e.g. vifluoraecetlc add) or an inorganic 

bq acid (e.g. hydrochloric or eulfuric add) een also give the correa ponding aldehyde (II) which is longer tn 
ehain length by — O — CH^H^— than compound (MIL In this case, 10 to 30 moles, per mole of compound 
(MIL of potassium t-butoxide le edded to the above compound and, after dissolu tion, 3 to 15 molea, per 
mole of compound (111), of a bromoacetaJ is added, followed by reaction at 10" to 8D*C for 0.5 to 5 hours. 
After treatment of the reaction mixture in the conventional manner, the product is oissotvea in a dilute 

es aqueous solution of the above-mentioned acid, followed by heating for S minutes to 2 houra. 
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In aach case, The reaction mixture can Be suDjected to purification process conventional In the field of 
chemistry, such as extraction, concentration, recrystaMitBtion, raproeip Station, chromatography and/or 

The Chemically modified ryrnphokines according to the invention hovo uooful phyaiological activities 
& similar to chow of the corresponding known, unmodified lymphokines and are useful as drugs, among 

0ttl *T?ie chemically modified lymphoklnes according to mo invention exhibit delay in clearance in vhm oa 
compared with the corresponding known, unmodified tymphoUnm and are low In toxicity and antigenicity 
and can ba used safely tor the same purposes and In me same manner as in we case of Known 

lympi^0WM8^«a% modified rymphokines according to the invention can usually be administered to 
mammals (monkey, dog, pig. rabbit, mouse, human) either orally or parenterals/ in the farm of appropriate 
Dharmaceuticat compositions prepared by ualng camera, diluents, etc, which are known In themselves. 
Thus, for Instance, chemically modified IFN-a according to the invention, whan used as an antiviral 
rs agent, ia recommandabh/ administered to human adults once a day DV intravenous Injection In a dose of 
1X10* TO ixig* international unroj. _ 

In the present specification, the amino acids, when referred to by abbreviations, are abbreviated 
according to IUPAC-IUB (Commission of Biological Nomenclature). 

The transformer Escftmhia eo7/294ypHITtrp1101-d2 as disclosed heralnlatBr in a reference example 
x hea been deposited with Institute for Fermentation. Osaka UFO I under the deposit number IFOO4360 end, 
since June 6, 1SS4, with the Fermentation Rnearch Institute {Frill, Aeency of Industrial Science and 
Technology, Ministry of Intemetlonel Trade and Industry under the deposit number FERM BP.703 under 
Budapest Treaty. 

The strain Eschtsrichim colt OHl/pTW has been deposited with the Institute for Fermentation. Osaka 
4* under the deposit number 1FO-14299 and, since April 0. 1984. with the FRI under the deposit number FERM 
BP-628 under Budapest Treaty. 

Brief descflptlon of drawings « . — . 

Flfl. 1 shows the dearance^delaying effect In rat plasma as disclosed In Example 1 (tv>. The 
39 measurement results obtained with the chemically modified IFN-a according to the Invention as produced 
In Example 1 (i) are indicated Dy O (enzyme Immunoassay) and □ (antiviral activity eeaey), end the results 
obtained with riFN*oA uaed ae a control by % {enzyme Immunoassay) and ■ {antiviral activity assay). 

Fig. a shows the daaranee-daleylng afreet in rat plasma as rtlerlOMWl in Example 3 (HI. The data 
indicated by A, □ and # are the enzyme immunoassay data for compound No. 8, compound No. 2 (Table 
sa 1) and control rlFN-oA, respectively. 

Fig, 3 shows the construction scheme for the expression oiasmid pHiTtnniQl-d2 disclosed In 
Reference example 3 (D and Fig. 4 the construction schemo for the expression plaamid pLC3 disclosed in 
Reference example 4. (fl. 

49 Best mode for carrying out the Invention 

The following working examples and reference examples Illustrate tne invention In mora demil but are 
ov no means limitative of the invention. 

Exempts 1 

m Production of poh/etnylene glycol methyl ether-modifled IFN-a 

(l> A S-mJ (4.8 mg as protein] portion of a solution of IFN-a (rlFN-oA) wse dlatyzad against 0.2 M 
phosphate Duffer (pM 7.0) and 0.1 5 M sodium chloride at 4*C for 1 2 hours. To the dlalyzato token out, there 
woe added the polye^leneglyeel methyl ether aldehyde {average molecular weight 1,900) (260 mg) 
obtained in Reference Example i. Then, sodium cyanoborohydiide (140 mg) was added, and the mixture 

50 was stirred at 3TC far 40 hours. The reaction mixture was poured Into a Sophadc* S-73 column (3,0 X43.0 
cm) and developed with 25 mM ammonium scetata buffer (pH 5.0) and 0.16 M sodium chloride* The eluate 
was collected In 5-ml portion* Eluate fractions (too— ISO ml) containing the contemplated product were 
combined. Assaying by the town/ method using bovine serum albumin as e standard revested that the 
protein content in the combined fractions was 84 pgAnl Amino add ratios in acid hydrolysata (6 N 

SS hydrochloric acid. 110*C. 24 hours) were as follows: Asp, 12.2 (12); Thr, 10.4 {10); Ser, 16,0 (14); Qlu, 24.8 
(26); Pro, 6.0 {5)j Ghr, &3 (S)j Ale, 8,6 i8); Vsl. 0,5 (7)) Met, 4.0 (5); lie, 7.0 (0); Leu. 21 .0 (21 ); Tyr, S.2 (5); Phe, 
9.9 (10): Lya, &5; His, 3JB (3); Arg, 9.1 Oi; cys. ttd, deeompossd. in view of the fact that riFN-dA contains 1 1 
Lye residues, the above results led to e conclusion that about 41% of Lys residues In interferon a had boon 
modified at the e-amino group with the polyethylene glycol methyl ether {average molecular weight 1 .900). 

o The potency of this product as determined by the enzyme Immunoassay method [Methods in Enzymoiogy, 
79, 68B— 596 (1981)1 was 1.51 xio' international units/mg and the antiviral activity as determined by the 
method described in Journal of Virology, 37, 755—750 (1981) wee 0.57x10' International units/mg. This 
product (IFA-3) was submitted to a clearance teat in rats as mentioned later herein. 

ill) Using 100 mg of tho polyethylene glycol methyl ether aldehyde obtained (n Reference Example 1 

68 and having an average molecular weight of 750 end 100 mg of sodium cyanoborahydrtde, rtFN-oA was 
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treated in the same manner as (t) to give 30 ml of b solution of polyethylene glycol methyl ether-modified 
lFN-a with a protein content of 130 ufl/ml. Amino add ratios in acid hydroh/aatg 16 N hydrochloric acid, 
11CC, 24 hours) were oa follow*: Asp, 12.1 {12b Thr, 10.1 (10); Sar. 13.6 (14); GUl 26.7 (26); Pro, 9.6 161; 
Gh/, 5.8 (5); Ala. B.4 (8); Val, 6.7 17); Mel, 5.6 {6); Ho, 7.4 (8); Leu. 21.0 (21 J; Tyr, G.1 (5); Pho, 3.6 (10); Lye, 4.7; 
5 Mia. 3.6 (3); Anx 8.1 (9): Trp. 1.6 (2); Cys, decomposed. Tho above dots indicate that about S7% of Lye 
residues bed been modfflod at the a-amlno group. Enzyme Immunoassay performed in tns same manner 
as II) gave the result 5vi0» International unlts/mg, and the antiviral activity of the product wee 0.14x10* 
international unita/mg. 

(Mi) The procedure of (i) waa followed using 27 mg of the polyethylene glycol metnyl ether aldehyde 
w and 27 mg of sodium eyanoborohydride and there was obtained SO ml of a polyethylene glycol methyl 

etner-modfffOO IFN-Q solution wltti a protein content of 45 ug/ml. Amino acid ratloe In acid hydro I vast e (9 N 

hydrochloric acid. 110*C, 24 hours) gave the following results: Asp, 1X8 (12): Thr. 10.4 (101; Ser. 14.9 114); 

Glu, 26.6 (26): Pro. 3.5 (SI: Gly. 6.1 (5); Ala. 6.3 (8): Val. 6.6 (7); Met, &2 (5); He. 7.4 (8); Leu, 21.0 (211; Tyr, 5.3 

15); Phe, 10.2 (10); Lys. 9.0; His. 3.6 (3); Arg. 9.1 (9); Trp, 2-3 (2); Cya, decompoaed. The above data indicate 
is that about 16% of Lyt residues had faaan modified at the e-amlno grouo. Enzyme immunoassay performed 

In the same manner as (I) gave the result 1.09x10* Intemationsl unlte/mg and the antiviral activity of this 

product was 1.63x10* international units/mg. 

(fv) The chemically modified IFN-d (IFA-3) of tne invention as otnalned above In (1) was administered to 

s group of three 7-week-old female SD rata by Injection into the femoral muscle In a dose of 1.274 xi o 8 unite 
to par copfco. After o prescribed period. Wood was sampled from the eaiidsl vein end tne l FN -a potency In 

plasma was determined by the enzyme immunoassay method end amiviraJ activity method deacribed in 

Example 1 (I). A distinct dolay in clearance was observed as compared with a group administered 

unmodified interferon □ IrlFN-oA) In a dose 1.253x10* units per capita. 
The above results ere depleted In Flo 1. 

23 . 

Example 2^ ^ ^ tQ[uxion ^ cnom lailry modified IFN-a (IFA-3) of the Invention ee obtained In Example 1 
(0, then lo added 350 mg of human serum albumin. The resulting solution (s flliereo tfirough a memorane 
filter (pore size: 0-2 Mm) and distributed Into 5 vials, followed by lyophillzation and storage. The contents of 
m each vlsl are dissolved In 1 ml of distilled water for Injection just prior to use. 

Example 3 

Production of porysthyfeno glycol methyl ether- modified IFN-a end b I ksnoy»-poly ethylene gtycol-mooiflao 
IFN-o) 

38 (I) The Title compounds were oymheafced by using tha pnryethylane glycol methyl ether sldahyda and 
alkaneytpoJyethylene glycol aldehyde obtained In Reference Example l and Reference Example Z, 
respectively, and following the procedure of Example 1. Varioua data for oaoh derivative synthesized are 
shown In Table 1 and amino add sneh/eie data therefor In Table 2. 

(11) The chemically modified IFN-o spectee obtained in II) above (compounds Mo. 2 and No. 8) were 

da administered to 7-weex-old female 3D rate In groups of 3 by Intramuscular Injection Into the femur In doses 
of 3.12x10* unite and 2.66x10* units, respectively. Thereafter, blood samples were collected Tram tns 
caudal vein sc times Intervals and essayed for IFN-a potency In plasms by ansyme Immunoassay. 
Obviously delayed clearance waa nocod aa com pa rod with the group given 1A2X10* unite of unmodified 
IFN-a. These results ere depicted In Rg. 2. 

45 
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TABLE 2 



Amino add analyaia value 



Com- 
pound 
No. 


1 


2 


3 


4 


6 


6 


7 


8 


9 


rIFN 


Theo- 
retical 
value 


Alp 


12.8 


12,7 


12.S 


12.S 


134 


12.9 


12.2 


12.5 


12.8 


12.8 


12 


Thr 


11.7 


11.6 


1U 


10.9 


11.3 


114 


10.9 


11.6 


11J 


11.6 


10 


Sar 


15.8 


18.7 


1S.7 


1&4 


17.6 


16.6 


16j» 


19,6 


15.6 


1S.6 


14 


Glu 


27.4 


27.0 


26.7 


27.3 


27.8 


27.3 


26.1 


26.3 


20.4 


27.0 


26 


Pre 




5.3 


9.0 


9.5 


5.6 


5.B 


S.S 


6.7 


5.7 


3.7 


s 


uiy 


4.9. 


&.0 




4.A 






4.S 






4.6 


c 

9 


nIB 


8.1 




8.1 


7JI 


8.8 


76 


7.3 




8.4 


7 8 

S.D 


a 
o 


























Val 


6.6 




S 7 


In 11 


7.3 


6.7 


6u3 


6.9 


7.1 


6-B 


7 


MQt 


3-2 


4,7 


4.3 


4.3 


44 


4.3 


4.1 


4.7 


44 


3,9 


s 


He 


7.7 


7.7 


7.7 


7.6 


6.0 


7.6 


7J 


7.5 


7.6 


7.6 


8 


Leu 


21.0 


2«0 


21.0 


21.0 


21.0 


21.0 


21.0 


21-0 


21.0 


21.0 


21 


Tyr 


4*3 


4.5 


4^ 


4M 


4£ 


4.6 


4-4 


44 


4.8 


4.6 


S 


Phe 


9-3 


9.B 


9.8 


3JB 


9.8 


9-8 


9-4 


9.7 


8.8 


9.8 


10 


LV» 


8.6 


10.3 


10.6 


9-8 


5.4 


6.1 


23 


6.6 


44 


11.3 


11 


Hit 


2.7 


3.0 


2.7 


2.7 


2.9 


ZM 


2.6 


2J9 


2.9 


4.1 


3 


Ar 9 


84 


84 


9.2 


&b 


9.1 


aa 


8.6 


7.7 


7.6 


8.9 


9 


Trp 
















OS 


1.0 




2 



to 



I* 



£0 



25 



SO 



■S3 



40 



a 
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— : Mot detected. 
Example 4 

production of polyethylene glycol methyl ether-modified lnterfemn»Y 

(i) A &-ml portion (5.95 mg ea pro coin I of a solution of the interforan-v protein produced DV the 
recombinant DMA technique (hereinafter abbreviated as rlFN-y; cf. EPC laid opon No. 110044) woo applied 
to a Ssphadfix G-26 column (2.0x60.0 cm) and developed with 0.2 M phosphate buffer (pH 7.0). The oiuate 
was fractionated In &-ml portions. Fractions Noo. 11—13 wore combined and diluted to 100 ml with the 
same buffer. Thereto wee added polyethylene glycol methyl ether aldehyde (average molecular weight 
760) (225 mg), followed by addition of sodium cyanooorohydrfde 1300 mg). The mixture wee ahak&n at 37*C 
for 73 hours. The resulting preelpltata wee removed by eantrifugotlon. The •upemetam wee concentrated 
EO 10 ml uelng.a Otaflow membrane (Andean). The concentrate waa applied to a Saphadex G-7E oolumn 
(34x43.0 cm) end developed with 25 mM ammonium acetate buffer (pH 6.0) -HI. 15 M SOtilurrt chloride* 10 
mM glutathione. The eluete waa fractionated in 5-ml portion*. Fraction* No*. 17—24 containing the desired 
product were combined, The protein content In trie combined fractions as determined by the Bradford 
method using bovine lerum albumin ea a ttandard was 7.73 ug/rnl. The acid hydrolysate (6 N rtydrocnJorlc 
acid. 110°C, 24 hour*) gave the following amino add analysis values: Asp, 19.8 (20); Thr, 4.7 (5); Sar, 8.3 
(11), Glu. 18^ (18); Pro. 2.1 (2): QIV. 9.4(5); Aie. 7.6(81; Val, 6.4 (8); Met, 3.7 14): lie, 7.1 f7>: Leu,9.7 H0),Tyr, 
5J 15), Phe. 9.7 (10); Lye, 17.6; His, 2.0 (2); Arg. 6.0 (8); Cya, Trp, decomposed. Since rlFN-y contains 20 Lye 
reslduea, the above results Indicate that about 12% of the Lys e-amlna groups in rlFN-y had been modified 
by polyethylene glycol methyl ether (average molecular weight 750). The product nad an antiviral activity 
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of 1.3X10* International unlte/mg. Administration or me product to rats resulted in obvious delay In 
clearance in blood. On the other hand, the precipitate was dissolved in 6 M guanidine hydrochloride and 
dialysed against 26 mM ammonium acetate (pH 6.0)+<M5 M sodium chlorlde+10 mM glutathione at 4°C 
overnight, followed by Sepnadex 6-75 get miration in me same manner as above. Tha thus-purified 

* fraction 125 ml) had a protein content of 126 ug/mi and amino acid analysis of the acid hydroh/sete 16 N 
hydrochloric acid. 11CTC, 24 hours) gave the following value*: Asp, 20.0 (20); Thr, 5*2 (5); Ser, 9-5 (1 1 }; Glu, 
Z9J6 (is); Pro, 2.7 (2): Gly, 14.6 15): Ala, 3.1 (a): val. B.S (B): Met, &J3 (d): lie. 7.2 (7): Leu, 10.2 (10): Tyr. S.8 
(6); Phe, 10.1 (10); Lys, 14.7; Hla, 2.0 (2); Arg, 7J9 (6); Thr, 0.7 (1); Cya, decomposed. The higher values for 
Glu and Gly than the theoretical are presumably due to contamination by glutathione. Since HFN-y contains 

w 20 Lys e-amino groups, the above results indicate that about 20.3% of the Lye e-ammo groups in riFN-y had 
bean modlflod by polyethylene glycol methyl other. 

(II) Using 225 mg of poh/ethylena glycol methyl ether aldehyde having an average molecular weight of 
7S0 and 120 mg of sodium cyanoooronvdrfda, rtFN-v was Treated in the same manner as (n in the presence 
of 2-merceptoethanol (2%) to give 30 ml of a polyethylene glycol methyl ether-modified rlFN-y solution 

is having a protein content of 236 ug/ml Amino add analysis of the acid hydro h/sste [9 N hydrochloric acid, 
110*C,24 haura) gave the following values: Asp. 20.0 (20); Thr. 6.2 f6);Ser.9.6 (11): Glu. 33.8(18); Pro. 1-8 
(2); Gly. 19.9 (5); Ale. 9.2 (8); Val, 9.9 (9); Met, 4.6 (4); lie. 7.4 P); Lou, 104 (10); Tyr. &9 (6); Phe, 10.7 (10); 
Lys. 10L2: His. 23 (2): Arg, 73 (B): Tip. O.fl (1); Cys, decomposed. The higher values for Glu and Gly are 
presumably due to contamination with glutathione. Since rlFN-y contains 20 Lye 8-amino groups, the 

30 above results Indicate that about S0% of the Lys e-amino groups tn MFN-y had been modified by 

polyethylene glycol matnyl etner. 
Example 5 

Production of polyethylene glycol methyl Bther-madfflad IFN-vd2 

& 0) A 5-ml portion (4.9S mg as protein) of the IFN-vd2 solution obtained In Reference Example 3 is 
applied to e Sephadex G-zb column (a.oxea.o cm) and developed with 0.2 M phosphate buffer (pH 7.0). The 
eluets ia fractlenatad by S ml. Fraction* Noa. 11 — 13 are combined end diluted to 100 ml with the same 
buffer. To the dilution Is added polyethylene glycol methyl ether aldehyde (average molecular weight 750) 
(200 mg). and then sodium cyanoborohydrida 1 300 moK The mixture is shaken at 37*C for 72 hours. The 

» resulting precipitate ia removed by cantrifu gallon. The supernatant ia conce ntra ted to 10 ml using a D inflow 
membrane (Am icon). The concentrate is applied to a Sephadex 6*76 column (3.0x43.0 em) and developed 
with £6 mM ammonium acetate buffer (prl 0.0) +0- 10 M sodium chloride -MO mM fllUtatnione, The eluate is 
Fractionated by 6 ml. and the fractions containing modified 1FN-yd2 having the polyethylene glycol methyl 
ether moiety on the Lve e-amino group In the molecule era collected and combined. When this product is 

45 administered to rota, evident delay In clearance In blood is noted. 

On the other hand, the precipitate Is dissolved in 8 M guanidine hydrochloride, dialyeed agalnot 26 mM 
ammonium acetate buffer (pH B.0)-M3.1S M sodium chloride +10 mM glutathione at arc overnight, and 
purfflad by Soph ad ox 6-75 gel filtration in the earn a manner as above. Thus ia obtained a fraction 
containing modified IFN-vd2 having the polyethylene glycol methyl ethyl moiety on the Ly» oamlno group 

«o In tha molecule. 

Example 6 

Production of polyethylene glycol methyl ethor-modlRod IFN-Y3 

(I) A S-ml (6.5 mg as protein) portion of the IFN-yd3 solution obtained In Reference Example 4 Is applied 

«j to 0 Sephadex 0>29 column (2.0x00.0 cm I, followed by development wrat QJ M QnoSDhate buffer (pH 7.0). 
The etuate Is fractionated in portions. Fractions Nos* 11—13 ere combined, and thoroto are edded 
polyethylene glycol met ny I ether aldehyde (average mol ecular weight 750) (236 mg) and then sodium 
cyanoborohydrida (120 mg). Tho mixture la shokon at 37°C for 24 hours. The reaction mixture la applied to a 
Sephadex G-75 column (3.0x43.0 em), followed by development with 29 mM ammonium acetate buffer 

so (pH 6.0). This is obtained e fraction containing mooinaa IFN-V03 With Die poivetnytene glycol methyl ether 
moiety on tha Lys s-amlno group In the molecule. When this product Is administered to rats, obvious delay 
In clearance In blood is observed. 

Example 7 

ss Production of polyetnyierte glycol meany) etherwnodifled JL-2 

(I) A 5-ml (5.0 mg so protein) portion of the IntnrlauHn 2 (hereinafter abbreviated as f1L-2> obtained In 
Reference Example 5 was dlalyaed against 0.2 M phosphate buffer (pH 7.16) for 12 hours. To tho dfafyzete 
was added pofystfiyiene glycol methyl ether aldehyde (average molecular weight 750) (97 mg), and then 
sodium cyanoborohydrida (1 00 mg). Tho mixture was stirred at S7*C for 24 hours. The resultant precipitate 

so was removed by esntrlfugation. The superrMUant was dlalyaed againt 6 mM ammonlu m acetate buffer (pH 
5.0) for 5 hours. The dlahyzate was applied to a Sephadex G-7S column (3.0x43.0 em) end developed with 
the same solvent system. The eluete was fractionated In G-ml portions. The desired product-containing 
fractions Noa. 21—29 were combined. The combined fraction had a protein content of 25 ug/ml as 
determined by the Bradford method using bovine serum albumin as a standard. The acid hyarolysate (B N 

ss hydrochloric Add, 1 10*C 24 hours) gave the fallowing amino add analysis values: Asp, 1 2.0 [12); Thr, 1 2.6 
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(13); Ser,7.1 (8): Gly, 18.8 (18): Pro, 5.5 (5): Gly, 2.2 (2): Ala. 5 0 IS); Val, 3.7 (a): Mot. 34 (*); lie. 8.1 (8); Leu, 
22,2 (22); Tyr, 3.0 (3); Phe. 5.0 (6); Lye. 7.3; Hlfl, 3.0 (3); Arg. 3.9 (4); Cvs. Trp, decomposed. Since rlL-2 
contains 11 Lys residues* tho above results indtoota that about 33.6% of the Lys wmlno groups had boon 
modified by polyethylene glycol methyl ether. The IL-2 activity of the product ee determined by the method 
s of Hlnuma at al. (Biochemical and Biophysical Research Communications. 709, 383—369 (198211 which 
measures the growth of an 1L-2-dependont mouse natural killer call line (NKC3) with the [*H]-thymidine 
uptake into ONA ea an index was 22,988 uniteAng. When riL-2 it supposed to have an activity of 411,000 
unhs/mg, The product la estimated to retain 57.7% of the activfty. After administration of tills product, 
obvious delay In clearance in blood was noted. 

to 

Reference Example 1 

Synthesis of polyethylene glycol methylether aldehyde 

(l) Polyethylene glycol matnyl ether <5g; average molecular weight 5.0DO) wae dissolved in methylene 
chloride (100 ml) end then pyridinium chlorochromaie (330 mg) was added. The mixture was stirred at 

16 rocnrt temperature far 12 hours. Tha reaction mixture was diluted two-fold with methylene chloride and 
poured into a Flbrisll column (8*10 cm), and the column wee weaned with methylene chloride and then 
with chloroform, foMowed by station with madianolchloroforrn (1:8). Fractions poaitivo to 2,4-dinrtro- 
phenyihydrszine test were combined, the solvent was distilled off under reduced pressure, and there was 
obtained a crystalline wax. Yield 1.5 g {30%). Thin layer chromatography: R,-0.08 (chlorofornv-methanol- 

30 acetic ecld*>9: 1 :0.S. alllee gel). '"C-NMR spectrometry revealed an absorption due to tha aldehyde group in 
hyd rated form f— fiH(OH)i) at 98.2 ppm. 

(H) Poh/ethylone glycol methyl ether (10 g; overage molecular weight 9*000) waa dissolved In 
tertiary-butenol (100 mi). Thereto waa added potassium tertiary-butoxfde (4.17 g), followed by addition of 
bramoacetal (2.SB ml). The mixture was stirred at 4ffC for 2 hours. Tha tarriary-butanol was then distilled 

» off under reduced pressure, water wee addod to tho residue, and the oqueous mixture wee extracted whti 

chloroform (200 mlx2). The extract waa washed with water and dried over anhydrous sodium sulfate. Tha 
chloroform was men distilled off under reduced pressure, petroleum Dentine was added to the residue, and 
the resultant crystelltne residue wee collected by filtration and waahad with ether. Thue woe obtained 3.5 g 
(96%) of the corresponding polyethylene glycol methyl ether diethyl scetel. A S-q portion of the acetel was 
so dissolved in 50 ml of 0.09 M trifluaroacstic add, treated In a bolting water bath for 30 minutes and then 
lyophillzed, giving a polyethylene glycol methyl ether aldehyde longer In chain length by — O— CH a CH, — 
than the product obtained in (I). 

(III) Polyethylene glycol methyl ether (8.7 g; average molecular weight 1,300) was dissolved In 
methylene chloride (100 ml) and then pyridinium ehloroehramste (070 mg) wee added. The mixture waa 

aj stirred at room temperature for 12 hours, then diluted wtoi an equal volume of methylene chloride, and 
poured into e FtorlaU column {6.0x10.0 em). Tho column wee washed with methylene chloride end then 
with chloroform. Tallowed by elutlon wrtrt 10% metnanoi/chioroform Fractions positive to 2.*-dinh>o- 
phenylhydrezlno tost were combinod. Remove! of the solvent by distillation gave e crystal line wax, YTela 
1.8 g (30%). Thin layer chromatography: R^O.10 (chloroforrrwriethanol-acetic add»S:1i0.5f elltoe gel). 

so 1 *C-NMR spectrometry indicated the oresence of an absorption due to the aldehyde group in hydrated form 
f— fiH(OH)t) at 9&2 ppm. 

(IV) Polyethylene glycol methyl ether (19.6 gj average molecular weight 1.800) waa dissolved in 
tertiary-butenol (100 mi). Potassium tertisry-fautonde (10.4 s) was added end then brornoecsral (6.4 ml) 
wee added. Tha mixture wee stirred at 40*C for 2 hours. The tertfery-butenol we* then dletniod off under 

as reduced pressure. Water waa saded to tne residue* tallowed by extrectlon with chloroform (200 mix 2). The 
extract waa washed with water and dried over anhydrous sodium sulfate. Tha chloroform woo distilled off 
under reduced pressure, petroleum benzine wee added to tho residue, and tho resultant crystalline residue 
was collected by firmjrion and washed with ether to give 83 g (B9.o%) of aofital. A 3-g portion of tna acatal 
was dissolved in 0.06 M trrfluoro acetic ect'd, end the sohrtian was vested In 0 boiling water belli far 30 

so minutes end then ryopnilteed to give a polyethylene glycol methyl ether aldehyde longer in chain length by 
— 0— CH«CHg— than the product obtained In (HQ. 

fv) Polyethylene glycol methyl ether species having average meleeular weights of 750* SSO and 350 
ware derived to tne corresponding aldehyde species by following the above procedures. 

ss Reference Example 2^'-~ 

Synthesis of afkenoyl ptiryetnyienegiycol atdarryoe 

(I) In 60 ml of pyridine, there was dissolved IS g of polyethylene glycol 1&40 (We to Pure Chemical 
industries) (average molecular weight 1500). To the solution was added 1.85 ml of acetic anhydride. The 
mixture woe stirred st dfl*C for 2 hours and dien at room temperature for 16 hours. Thereafter, die solvent 

so wee distilled off under reduoad pressure. The residue was dissolved In chloroform, end the solution was 
washed whh water, the chloroform layer was dried over anhydrous sodium sulfate, and the chloroform 
was distilled off under reduced pressure. The residue was dissolved in s small amount of cntoroform, a 
petroleum benzine-ether (2:1) mixture was added to the solution, and the mixture was allowed to stand to 
give 14 g (30%) of a crystalline wax. A 1.4-g portion of tne wax was dissolved in 50 ml of methylene 

00 chloride* followed by addition of 300 mg of pyridinium chlorochromete. The resulting mixture was stf rred 
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«t room temperature far 18 hours. The reaction mixture was applied to s allies gal C-200 (Wefco Pur© 
Chemical Industries) column (3x50 cm), and the column was washed with 5% math a no Ueh to reform (200 
ml) and eluted with 10% methanol-chloroform. Fractions positive to the 2,4-dlnltrophanylhydrazlno coat 
were combined, and the solvent waa distilled arr under reduced pressure. A erystelllne wax was obtained 
Yield 580 mg (41%). 

(II) In 50 ml of methylene chloride, there was diesolvod 20 9 of polyethylene glycol 1000 (Wakg Pure 
Chemical Ind.) (average molecular weight 1000). followed by addition of 5.1 5 g of n-caprayl anhydride. The 
mixture was atlrrod at 70*C for Z hours. Then, the solvent was distilled Off, end the residue was purified 
using a allies gel C-200 column (3*50 cm) and elutfon with ethyl acetate-mmhanol (4:1) to give 14.9 g (60%) 
of en oil, which solidified UDOn standing (n a ramgaratar. The subsequent oxidation with pyridlnlum 
chlorachromata as conducted tn the tamo manner aa ({) gave the comsaponding eldehyda. 

Reference Example 3 — Production of IFN-vo? 
01 Transform ant preparation 

The IFN-v expression ptasmld pNmrp1101 (cf. EPC (laid open) No. 110044, Example 2 (iii)) wac 
digested with the restriction enzymes A vail and Pst\. and an AvglhPsH 1 Icq ONA fragment containing the 
IFN-Y gene portion was Isolated. The protein eymhaeis start codoo-eonteining oUgonuctaatide adapter 

CGATAATGTGCCAC 
TATTACACG6TCCTG 

chemically aymhaxized by the phosphotriesier method was Joined to the above DNA fragment at XtwAvaH 
cohesive end thereof using T4 DNA lipase. 

The above adapter-Joined geno wae inserted into the DNA fragment obtained by cleavage of the 
plasmfd ptrp771 [cf. above-cited publication. Example 2 (ID] with die restriction enzymes Del and PsA, 
downstream from the trp promoter In eald fragment. Thus was con struct so the expression plssmld 
pHITtrp1101~d2 ceding far the Cyo-Tyr-dofTciont iFN-y polypoptido (Rg. 3). 

Escherichia coff 284 was transformed with this plea mid pHrrtrpI 101-42 by the method of Cohen at al. 
(Proc Ned. Acad. Sci. U.S.A., 69, 2110 (1972)) to give the transform am Escherichia colt ( B £ co/f) 
294/pHrTtrp1101-d2 carrying said plaemld. 



in) Transformant cultivation 

The strain £ col2947pMiTtrp1 10l-d2 carrying the pi W mid constructed In (1) above was cultivated In MS 
medium containing 8 Ug/ml of tetracycline, 0.4% of eaasmJno adds snd 1% of glucose at 37*C. When the 
growth reached KU 220. 3-B-lndoly I acrylic add (IAA) was added to a concentration of 25 ug/ml. Thereafter, 
the cultivation was continued for further 4 hours. After cultivation, call* wore horveeted by certtrifugetlon 
and suspended In 1/10 Volume of O.0S M Tris-HCt (pH 7.6) containing 10% sucrose. To the suspenaion,thore 
were added phenylmethytaulfonyl fluoride, Nad, ethylenadramlneteuaacetetB (EDTA). aDermidlne and 
lysozyme to concentraUona of 1 mM, 10 mM, 40 mM and 200 ug/nU respectively. After standing at 0"C for 1 
hour, the suapenaion was Crosted at 37*C for 3 minutes to give a lysate. 

The h/sste wae subjected to centrtfugadon at 4*C and 20,000 rpm (Servafl centrifuge, SS44 rotor} for 30 
minutas to give an IFN<vd2 polypeptioe-eontalnlng supernatant. ThJe supernatant hsd en antiviral activity 
of 2-37x10" UAitor culture fluid. 



(Hi) Purification of IFN-yd2 

In 18 ml of Ol M Trls-hydrochloride buffer (pH 7.01 containing 7 M guenldlne hydrochloride and 2 mM 
phanylmcthylautfonyl fluoride, there were suspended &9 g of ceils obtained in the same manner as (11) 
above and stored in tha frozen state. The suspension was stirred at 4*C for 1 hour and then subjected to 
enmrrfugation Bt10,00Qxg for 30 minutes to give 20 ml of s supernatant This supernatant was diluted with 
260 ml of a buffer (pH 7.4) comprising 137 mM ■odium chloride. 2.7 mM potassium crtlorlda, 8.1 mM 
di sodium phosphate and 1.S mM monopotasslum phosphate (hereinafter euch buffer being reform) to bv 
the abbreviation PBS) and the dilution was applied to an antibody column (May2-1l.i. eolumn volume 12 
ml) at a flow rata of 1 ml/minute. The column wee then washad with 00 ml of 20 mM sodium ohosonato 
buffer (pH 7.0) containing OS M guenidine hydrochloride and eluted with 38 ml of 20 mM sodium 
phosphate buffer (pH 7.0) containing 2 M guantdine hydrochloride to give 20 ml of an anthriralry active 
fraction. 

^If »«!J»tt>"l WM a PP |tad ta a Sephscryl S-200 (Pharmacia) column (2*x94 cm, eolumn volume 
600 ml) equilibrated tn advance with 25 mM ammonium acetate buffer (pH 6.0) containing 1 mM 
eWoned^inetetraaeatftte, 0.16 M sodium chloride, 10 mM cysteine and Z M guenidine hydrochloride, 
followed bv action wftn the same buffer. Thus was obtained 37 ml of an amlvlrally active fraction. 

™ ^^s-Tyr-deficient IFN-y porypaptida (IFN-Yd2| obtained weighed 5.3 mg and nad a specmc activity 
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Reference Example 4 — Production of IFNW<J3 

{)) Tronaformant production _ 

The IFN-v expression piasmid pRC23flFi-9aa [cr. Example 7 of the specification for e oatem application 
under EPC as laid open under No. 0089878] was digested with the restriction enzymes A/del and A/col, and a 
a 710 bp Nde\-Nco\ DNA frogmen* (A) containing the IFN-y gene region was isolated. S*jpawt«ly. the plasmtd 
pRC23 wee digested with the restricaon enzyme Bg(\\ snd fcoftl, and a 269 Do DNA fragment IB) containing 
the W\ promoter woe Isolated. The fragment* IA) and (B) and tho chemically synthesized, protein symheaia 
start codon-containlng oligonucleotide 

,„ AATTCAT6CAGGATCCA 

GTACGTCCT AG GTAT 

were Joined together using T4 DNA Hgeee, with the Afcnrt and £n>R1 cohesive ends as tho sites of joining. 
'* Trio DNA rreemem ttiuo obtained wei joined to the placmld pRC2a/lPI-e00 after treatment wr* Afcel and 
8qA\ to dierabv construet an expression pi asm id. DLC2. coding for the Cya-Tyr-cys-fleTicieni ifn-v 
DOlvneotide (Ho. 2). TWe piasmid P LC3 wee used for transforming Escherichia cot) RRl(pRK248 clia) by the 
5^"cSin it el. laupraj to give a transformant Escherichia ratfl~£ com PRI(pLC2,pRK248 cits). 

so (II) Transformant cultivation 

The strain £ cott RRl(pLC2,pRK248 cits) carrying the piasmid constructed in (1) above wee 
shako-aulturod at SS*C in 60 ml of a liquid medium containing 1% BaetoTrvptone. 0.5% yeast extract 0 5% 
sodium chlonoe and 7 ug/mi tetracycline. The culture broth waa transferred to 25 liters of M9 medium 
containing 0,S% coaamtno odd, 0.5* glucoes and 7 ug/mi tetracycline, snd grown at 3S"C for 4 hours and 

w (hen at 42*C *or 3 hours. Cells were harvested by esntfflug alien and stored at -8CTC. 

(Ill) Purification 

tn 72 ml of 0.1 M Tris-rrydrocriloriae buffer (pH 7.0) containing 7 M guanldine hydrochloride and 2 mM 
pherrylmethvlaulfbnyl fluoride, khoro were suspended 7.1 g of frozen cell* obtained In the seme mennor se 

x mentioned above In (II). The suspension was stirred at 4-c for 1 hour ana then centmuaed at 1 u.oogxa tor 
30 minutes to give 24 ml of a supernatDnt This supernatant waa diluted by adding 300 ml of PBS and the 
dilution waa applied to on antibody column (Moy2-1t.l, column capacity IB mil at a flow rate of 1 
ml/minute. Thereafter, the column was washed with 80 mi of 20 mM sodium phosphate buffer (pH 7.0) 
containing 0.5 M guenfdtne hydrochlorido and then elutad with. 45 ml of 20 mM sodium phosphate buffer 

as (pH 7.0) containing 2 M guenidlne hydrochloride, to give 35 ml of en endvtrsUy active fraction. Thla fraction 
{25 ml) waa applied to a Seehscryl S-200 (Pharmacia) column (2.6x84 cm; column capacity 500 ml) 
equilibrated In advance with 25 mM ammonium acetate buffer (pH 6.0) containing 1 mM ethylenedlemlne- 
tetreacatlc acid, 0.15 M sodium chloride, 10 mM cysteine and 2 M guanldine hydrochloride, and elutad wicn 
tne soma buffer to give 40 .ml of an antiviral hr active fraction. 

40 Tho thuwbtelned Cya-TyrXys-efcflciom IFN-y polypeptide IFN-y d3 weighed 7.0 mg and had a apedfte 
activity of 2,72x10 7 lU/mg. 

Reference Example 5 — Production of non-grycosylatad human 1L-2 
(i) Tranaformant cumvaaon 

m £■ cefl DH1/pTF4 (6PC Pst Apptn. No. 84308153 .01 was Inoculated Into 60 ml of a liquid medium (pM 
7.0) containing 1% Sacto tryptono (Drfco Laboratories. USA). QM Baeto yeast extrect (Drfco Laboratories. 
USA), 0.6% sodium chloride end 7 ufl/rnl tetracycline aa placed In a 280-rnl Erienmeyer flask. After 
incubation at 37"C overnight on a awing rotor, tho culture medium wae transferred to a filter jar fermenter 
containing 2.B liters of M9 medium containing 0.5% ceaammo aci d, Q.S * glucose and 7 uo/mi tetracycline. 

so Incubation wee then conducted with oeruuon and stirring at ST^C far 4 hours and after addition of 
3-0~lndolylacrylfc add (35 ug/ml), for further 4 hours. Cells were harvested from the thus-obtained 2.5-liter 
culture broth by cenoiruaetlQn. frozen at -eXPC and stored. 

00 Extraction 

«y The freeze-stored calls (12,1 g) obtained above were suspended uniform ty In 100 ml of on extraotent 
ipH 7.0) containing 7 M guanldine hydrochloride and 0.1 M Trie . Ha, the suspension was ettrred at 4»C for 

1 hour end the lysate was centrlfugad at 2aV000xg for 20 minutes. Trtare was obtained 39 ml of a 
supernatant. 

50 (III) Purification of IL-2 protein 

Tho supernatant obtained above wee dinlywd against 0.01 M Trie • HD buffer (pH 8.5) and then 
centrifuged at 1 9,000 xg for 10 minutes, giving 04 ml of a dlatyzate supernatant. This dialyzete supernatant 
was applied to a 0E 62 (OEAE-cailulose. Whatman, Great Britain) column (SO ml In votuma) equilibrated 
with 041 M Trie - HCI buffer (pH aS) far orotain adsorption. IL-2 wae olutcd making a linear NaCI 

H concsniration gradient (0-0,15 M NaO. 1 liter). The active fractions [83 mi) were concentrated to 4.8 ml 
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using 8 VM-5 membrane (Amico, USA) and subjected to gel filtration using ■ Sephacryl S-200 (Pharmacia, 
Sweden) column (500 ml In volume) eaulbreted with 0.1 M Trie ■ HQ (pH 8,01—1 M NaCJ buffer. The active 
fractions (28 ml) obtained wore concentrated to 2.6 ml uelng e YM-8 membrane. The concentrate wae 
applied to en Ultrapora RPSC (Aftax, USA) column for adsorption, and high performance liquid 
chromatography was perform ad using a trffluoroacetfc acld-ecetonrtffle system aa the aluant. 

Under the conditfona: column, Ultropore HPSC (4.6*76 mm); column temDsrature. 3u"C: eluenr A, 
0.1% trffluoroacetle acid— 99.994 water; eluem 6, 0,1% trrfluoroaeetle acid— 39.3% aoetonrtrile; elution 
program, minute 0 (63% A+3Z% B)- minute 25 (65% A+45% 8) -minute 35 (45% A+S5% Bl-minute 45 
(30% A+70% B] -minute 48 (100% B); alution rate, 0.8 ml/min,; detection wave length. 230 nm. An active 
fraction was collected at a retention time of about 39 minutes. Thus waa obtained 10 ml of a solution 
containing 0,63 mg of non-glycaeyiated human IL-2 protein [specific activity, 40,000 U/mg; activity recovery 
from sterling material, 30.6%; purity of protein, 99% {dotorminad by densitometry}]. 

Clalme 

1. A cnsmicairy modified Ivmphoklne naving polyethylene glycol of the formula: 

wherein A is a protective group for tha terminal oxygen atom and n la an optional positive integer, bonded 
directly to at least one primary amino group of the h/mphokJne moiety. 

2. The modified lyrnphokine according to claim 1, Wherein the lyrnphokine moiety hea molecular 
weight from 6.000 to 50,000. 

3. The modified lyrnphokine according to daim 2. wherein the lympholone moiety has molecular 
weight from 10,000 to 30,000. 

4. The modified lyrnphokine according to claim 1, wherein the lymph old ne moiety is interferona. 
imerlaukln-2, macrophage differentiating factor, macrophage activating factor, or aubetancBs similar In 
structure and in physiological activity to these. 

5. The modified rymphokine according to daim 1, wherein the rymphokine moiety le intorfaron-o, 
irttorfbron-0, lntorferon-y, interferon-Yd2, Interferon-ydS or tnterleukln-2. 

6. The modified tympholdne according to daim 1, wherein the lyrnphokine moiety ia Intarferon-o. 

7. The modified lympholdne according to daim 1, wherein tha lyrnphokine moiety le Interferon^. 

8. The modified lyrnphokine occording to delm 1, wherein the tympnoUne moiety la interleukin-2. 

9. The modified lymphoid™* according to claim 1, wherein me polyethylone glycol hea molecular 
weight corresponding to 1 to 10% of the molecular weight of the rymphokine motety. 

10. The modrfied h/mphoktne according to claim 1, wherein die polyethylene glycol nes molecular 
weight from 350 to 6,000. 

11. The modified rymphokine according to daim 1. wnerain R la aittyi or atkanoyl. 

12. The modrfted h/mphotdne according to claim 1, wherein n le a positive integer from 7 to 120. 

13. The modified lympholdne according to claim l. wherein the primary amino group la IM-termlnal 
o-emfno group or e-emino group of lysine residua In the lyrnphokine moiety. 

14. The modified lympholdne according to claim 1, which has polyethylene glycol bonded to IS to 80% 
of e-amlno groups of lysine residue in the rymphokine moiety. 

15. A method of producing a chemically modified lyrnphokine having polyethylene glycol of the 
formula; 

cVfOCH l CrM» 

whorem R is a protective group for the earmlnet oxygen atom end n is en optional positive Integer. Bonded 
directly to at least one primary amino group of tha fymphokine moelty, which comprises reacting a 
lyrnphokine with an aldehyde of the formula: 

fH-O-^jCHrrprO-CHjCHO 

wherein PJ end n ere aa defined above. In the presence of o reducing ogsm. 

16. The method accord mo to claim 15, wherein die reaction i« conducted In the neighborhood of 
neutrality. 

17. The method according to claim 15 # wherein the reducing agent ia sodium cyanoborohydride. 



PatemartsprOche 

i. Cnemiech modhlziertea Lymphokin, das ein Potyathylangrycol dar Formal 

fM-O— CH,CHrfe 
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worin R eirte Schutzgruppe fur dog endstandigo Saueratoffatem let und n sine wAhlbsra positive g«nis^2flhl 
darstellt, direkt an wenlgstena elne prlmara Aminogruppe dee Lymphokine nteila gebunden enthalt 

2. Modmzlanes Lvmphokin neeh Anspruch 1, worin der Lymphakinantell ein Molekulargewlcht von 
5.000 bis 50.000 beaitn. 

3. Modlflzlertes Lympholrfn n*ch Anspruch 2. worin der Lymphokinantalt ern Moleculargewlctt von 
10.000 bts 30.000 sufweiar. 

4. Modiflxiortee Lymph a kin nach Anspruch 1. worin der Lymphakinantell aua lntarferonen. Intarleukm- 
2 MBkropheg-DIfrareniiemnasfafctor, Makmphag'AttMerungsfslctrjr Oder dlenn in Strulmjr und 
phvslolofllflcher Aktiviiat fihnlichen Substanien befiteht 

5. ModlfWflftss Lymphokin nach Anspruch 1, worin der Lymphekinantail lntarferon-a, Intarfaron-B, 

Interferon-v, intefTBTon-yax intarferon-ytfc oaer irweneuwn-2 1st. 

0. Modlflztarns Lymphoid n noth Anspruch 1, worin der Lymphoklnanton Interferon-a lot. 
7. Modlflziertoe Lymphokin n«h Anspruch 1, worin der LymphoklnanleH lnt#rf*ron. Y I*t. 
B. MadlfldartBs Lymphokin nach Anspruch 1, worin der Lymphokina ntall lnterleukin-2 isi 

9. Mofblertes Lymphokln nech Anapruch 1, worin doa Palyathyl on glycol eln Moleulergewieht eufwoiat, 
dse 1 bla 10% d»« Mel«uliirg«wtchTes dee Lymph okinanteilee enteprieht. 

10. Madiflaenea Lympnokin nach Anspruch 1, worin das r^rytthytenglycol etn Moleculargewicht von 
350 bio 0.000 boaitxt. 

11. Modir^Urwe Lymphokin naeh Anspruch 1. worin R fur Alkyt oder Aikanoyl steht 

12. Modffiziertes Lymph okJn nach Anspruch 1 , worin n efne positive ganzo Zaht von 7 bla 1 20 bed du let 

13. Modiflziertea Lymphokin nach Anapruch 1, worin die prlmdra Amlnogruppe eine N-endstfindige 
evAminogruppa odar e-Amlnogruppa ainea Lyslnreataa fm Lymphokinantall darstOltT. 

14. ModHUIertee LymphoWn nach Anapruch 1, doe ©tn Poh/athylengtyool enthW* dea on 15 bla 80% der 
a-Aminagruppen dee Lysinreetee im LymphoHnantafl gebunden ist. 

16. verranranzur Harscaiiung eines ctiemlscn moolfizterun LvmDnoJtina. daa sin poiyatnylengiycol dar 
Formal 

rH-OCH«ChV»t 

worin R aina scniragruope for daa enaatflndlge SauersajTTatom in und n for alns wflhlbare positive ganzB 
Zahl steM, dirakt an wenigsteru aina primdre Amlnogruppe das Lymphokmantails gebundan enthalt, 
welchea Veifahren dim Umaotzung alnos Lymphokina mfl einem Aldahyd der Formal 

rH-O— CH^HrW>— CHjCHO, 

worin R und n die voratehend engcfOhna SedQutung beatocn. In Gegenwert olnoo Rc4uktionam1tts!a 
umfafit. 

16. Verfanren nam Ansprucn 13, worin die Rsakrlon in der NBhe dee Neutralberelchea durchgefOhrt 
wlrd. 

171 Verfanran nach- Anapruch 15, worin daa HeduWonamrttol Natriumcyanborhydrld ist. 



Havanoieaiifins 

1. Lymphokin* chimiqusment modtfiea ayanl du ptah/Athyteneglycol da formula: 

R-fO— CHgCHt-ai 

dene laqualla Anun groups pi o tac tour do famrna d'oxygene carmirul ot n oat un nombnt amjar poeltff 
lafsae au choix, tie dlrectement a au molna un groups amino primalre du fragment tymphoklne. 

2. Lymphokine modJflea aalon la revendlcation 1. dana laauelte le fragment hrmphokine a una masse 
moleculefro oomprioB ontro S000 ot 60 00Q. 

3. Lymphokina modiflae aalon la ravandicallon 2, dans taqualle le fragmant ryrnphokina a una masse 
moieculalre oomprtaa amre 10 000 at 30 000. 

4. Lymphokina modllUa aeion la revendieadon 1, dans laojuelle la fragment lymphokine oat un 
Interferon. nntariauklnaO. un faeteur do difMranciation da macrophage, un facteur d'actfvatfon da 
macrophaga f ou una au baton cb aimllaira an structure at en acttvita physiologlque a cea aubatances. 

5. Lymphokina modifies salon la revendlcation 1, dans laqualla le fragment lymphokina est 
nnterfaron-a I'lnterfaran-ft, nmerfaran-y, rim^rttren-YOX nntarfaron-ydS ou i'tnierfaukJna-2. 

0. Lymphokine modiffeo eeton lo revendlcation 1, dana (equal)* le frogment lymphokine wt 
I'interMron*a 

7. Lymphokine modJttee selon le rovendTGodon 1, dana fsquelle le fragmant lymphokina eat 

rintarfaron-Y. 

8. Lymphokina modlfiea salon la revendlcation 1. done laqualle la fragmant lymphokine eat 
rirrterieuklne-2. 
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9. Lymphokino modlRee aelon la revendlcotlon 1, dona laquelle le poryethyfoneglycol B un« masse 
moldculaire corraspondant A 1V. 6 10% de la masss molaeulaire du fragment lymphokine. 

10. Lymphokino modifies solan la revendlcotlon 1, dans laquelle (6 polyftmyleneolycol a una masaa 
moldculaire comprise entre 350 at 6 000. 

* ii. Lymoftokine mooiflee aelon is revendicstion 1. dans laquelle R act un alkyla ou un eleanoylo. 
12- Lymphokino modifieo aolon la revindication 1 , dans laQuelie n est un emtar potior mmpris antra 7 
at 120. 

13. LvmohOlclne modiflee salon la revendlcetion 1. dena laquelle I* groupe amine prima! re eat lo 
groupe a-amlno de rextremite N-terminale ou Is groups e-amino d'un reste lysine dans la fragment 

70 lymphokine. 

14. Lymphokine modlDde eelon la revindication 1, qui a du polyethyldiiegh/col 116 a 15% & 80% des 
groupes c-«mtno du reato lysine dona la fragment h/mphaklne* 

15. Procede da preparation d'une lymphokine chimiquement modifiee eyam do polydmyloneglycol da 
formula: 

18 

dsns laquelle R oat un groups protaetaur do I'atomo d'axygene terminal et n est un norrtDre antler poslUT 
Iaj&s6 au choix lla dlrectement a au molm un groupe amino primal re du fragment lymphokino, qui 
is comprend le reaction d'une lymphokino avec un aldehyde de formula: 

dene laquelle R it n son! tela que diflnJs d-dessua, an proaenca d'un agent reducteur. 
« 1 8. Precede colon la revendlcation 16. dons (equal la reaction est realtaee au volainsge de la neutrality 
17. Precede salon Is revindication 16, dans (equal I'SQent raductaur est du cyanoboro hvdru ra de 
sodium. 

so 



40 
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